This paper examines the effect of screening and HIV therapy on the dynamics of the spread of HIV in a population. In modeling of the dynamics of HIV, the population is divided into five subpopulations: susceptible, unaware infectives, screened infectives, therapy infectives, and AIDS patients.The effective reproduction numbers are calculated using the next generation matrix method. A sensitivity analysis discovers parameters that have a high impact on effective reproduction number and should be targeted by intervention strategies. Sensitivity indices is used to measure the relative change in the effective reproduction number if a parameter change. The results shows that the disease-free equilibrium point is asymptotically stable when the effective reproduction number is less than one and unstable when the effective reproduction number is greater than one. According to the analysis, screening of unaware infectives and trerapy of screened HIV infectives have the effect of reducing the transmission of the disease. Finally, numerical simulation of the model shows that the most sensitive parameter is contact rate of unaware infectives with susceptibles, allowed by the rate of progression of unaware infectives to screened infectives.
Introduction
HIV (Human Imunnodeficiency) and AIDS (Acquired Immune Deficiency Syndrome) is one of the health problems. Recently, there is no country that is free of HIV/AIDS and HIV/AIDS has led to a multidimensional crisis, especially in the health field. One of the programs in order to minimize the prevalence of HIV/AIDS is the HIV screening and HIV therapy for people who tested HIV positive.
Until now, many studies have been developed to analyze mathematically the impact of the screening of unaware infectives on the spread of HIV infections, for example Tripathi et al. [1] presented a theoretical framework for transmission of HIV/AIDS with screening of unaware infectives. Shabani et al. [2] analyzed a mathematical model of the effect of screening the HIV infection in a homogeneous population with infective immigrants. Naresh et al. [3] presented modelling the effect of risky sexual behavior on the spread of HIV/AIDS. Modelling the effect of screening and treatment on transmission of HIV/AIDS infection in a population can be found in Safiel et al. [4] .
Sensitivity analysis allows to investigate how uncertainty in the input variables affect the model outputs and which input variables tend to drive variation in the outputs. Sensitivity of the effective reproduction number for a HIV/AIDS model can be found in Safiel et al. [4] . In this paper will focus on the sensitivity analysis of the effective reproduction number and numerical simulation models are implemented to account for the model parameters that influence the spread of HIV/AIDS.We study a nonlinear mathematical model of the effect of screening and trerapy on the spread of HIV infection in a population. It is refer to Safiel et al. [4] but this model incorporates the assumption that the recruitment rate into the susceptibles is constant and only screened infectives can be treated with ARV therapy.
Model with Screening and HIV Therapy
In modelling the disease dynamics, the population (N) is divided into five subclass: susceptibles or HIV negative (S), unaware infectives or HIV positive that do not know they are infected (I1), screened infectives or HIV positive that know they are infected after a screening method (I2), therapy infectives or HIV positive and accept HIV therapy after being screened (T), and AIDS patient or full blown AIDS (A).
The model assumed that: transmission rate (  ) proportional to the susceptibles, and the ratio between the number of infected population and the total population; unware infectives can be screened infectives at rate ;  only screened infectives can be therapy infectives at rate ;  unware infectives, screened infectives and therapy infectives move to full blown AIDS at different 
The meaning of the parameters of the model, together with the baseline values used in numerical analysis, are given in Table 1 . 
Effective Reproduction Number
Due to biological reasons, only nonnegative solutions of the initial value problem (1) - (3) The disease-free equilibrium point of the model (1) was given by
The local stability of E0 was established by using the next generation matrix method on the system (1). The basic reproduction number is defined as the effective number of secondary infections caused by typical infected individual during his entire period of infectiousness (Diekmann et al. [5] ). This definition is given for the models that represent the spreading of infection in a population. An important measure of transmissibility of the disease is the epidemiological concept of basic (effective) reproduction number. It provides an invasion criterion for the initial spread of the virus in a susceptible population.The effective reproduction number which is given by the largest eigen value for the normalised model system (1) with screening and HIV therapy denoted by Re was obtained by using the next generation matrix method and is given by (Marsudi et al. [7] ),
The effective reproduction number shows the average number of new infections caused by a single HIV infected individual in a population which screening and HIV therapy program is used to control strategies.
Using Theorem 2 van den Driessche and Watmough [6] , the disease-free equilibrium of the HIV model system (1) 
From the equations (6)- (8) above, it is clear that
which implies that unaware infectives (I1) have a significant contribution on the transmission of the HIV/AIDS infection followed by screened infectives (I2) and keeping the disease endemic in the population via 
It is clear that By analyzing the four epidemiological situations discussed above, it may be concluded that the endemicity of the disease is reduced by screening of unaware HIV infectives and therapy of the screened HIV infectives in the population.
Sensitivity Analysis
We perform sensitivity analysis in order to determine the relative importance of model parameters to disease transmission. In determining how best to reduce human mortality and morbidity due to AIDS, the sensitivity indices of Re to the parameters in the model was calculated using approach of to the parameters in the model using approach of Chitnis et al. [8] . Sensitivity analysis is used to discover parameters that have a high impact on Re and should be targeted by intervention strategies.
Sensitivity indices allow us to measure the relative change in a variable when a parameter changes. These indices tell us how crucial each parameter is to disease transmission and prevalence and discover parameters that have a high impact on and should be targeted by intervention strategies. The normalized forward sensitivity indices of a variable with respect to a parameter is a ratio of the relative change in the variable to the relative change in the parameter. When a variable is a differentiable function of the parameter, the sensitivity indices may be alternatively defined using partial derivatives.
The normalized forward sensitivity indices of Re ,that depends differentiably on a parameter p, is defined by Given the explicit formula (4) for Re, we derive an analytical expression for the sensitivity of Re with respect to each parameter that comprise it. For example, using the parameter values from Table 1 , the sensitivity indices of Re with respect to   and 1 are given by respectively. Table 2 shows the sensitivity indices of other parameters with respect to Re.
From Table 2 , it shows that Table 2 shows the parameters are ordered from most sensitive to the least sensitive. The most sensitive parameter is the contact rate of unaware HIV infective 1  with susceptible. This is followed by the rate at which unaware  The least sensitive parameter is the rate at which the rate at which screened infective develop full blown AIDS . 
Numerical Analysis
Numerical simulation of model system (1) are carried out using the set of estimated parameters values and following values for the initial conditions (3) . Computations were run in Matlab with ode45 routine. This function implements a Runge-Kutta method with a variable time step for efficient computation. Figure 1 shows the numeric solutions to system (1) for the initial conditions (3) with the baseline parameter values given in Table 1 for susceptibles, unaware infectives, screened infectives, therapy infectives and AIDS patient. Figure 1 shows that the proportion of susceptible population decrease with time who are under therapy with ARV increases, and then reaches its equilibrium position. Initially proportion of unaware infectives increases but due to the increase in screening and therapy, the rates  and respectively, decreases then reaches its equilibrium position. This ultimately leads to the decrease of the proportion of AIDS patients. Figure 2 shows behaviour of the effective reproduction number (Re) if the transmission (the contact rate) for susceptible with unaware infectives, screened infectives and trerapy infectives can infect susceptibles at rates Figure 3 (a) , it is seen that  increases, the proportion of susceptible population increases. Figure 3 (b) shows that the unaware HIV infectives become aware of their infection which results in the decrease of the proportion of unaware infectives population and increase in the proportions of screened and therapy HIV infectives (Figure 3 (c) and (d) ) respectively. This ultimately leads to decrease of the proportion of AIDS patient as shown in Figure 3 (e) . In general, it shows increases in  , reduces the effective reproduction number, Re. This show the screening of unaware HIV infectives have the effect of reducing the transmission of the disease. Figure 4 (c), it is seen that  increases, the proportion of screened infectives dicreases, but the proportion of therapy infectives increases (Figure 4(d) ). If  increases, the propostion of susceptibles and unaware infectives relatively unchanged (Figure 4 (a) and (b) ). This ultimately leads to decrease of the proportion of AIDS patient as shown in Figure 4 (e) . In general, it shows increases in  , reduces the effective reproduction number, Re. This show therapy of screened HIV infectives have the effect of reducing the transmission of HIV. 
